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Covestro
World-leading chemical manufacturer of high-tech materials

v' 16.800 employees v' Total revenue of €14.6 bn v 30 production sites worldwide

POLYURETHANES

€7 .4bn 51%

POLYCARBONATES

€4. 1bn 28%

Your Performance Medical
smartphone cars products

Your car Your house Your sofa
seats
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Digital@Covestro: 3 Dimensions

Digital
Operations

Leverage data and break data silos to
improve safety and increase efficiency

Visualize,
@ analyze &
Collectand  predict

structure

production bita
data<:> R&D
Com-
putational
Chemistry

Global impact on
production, R&D,
commercial and strategic
decision making

Customer
. experience

Support dynamic customer decisions
across multiple digital touchpoints

.........

Customer Social
contact media,
through WeChat,

various media websites

OSlsoft

PlWorld cothensures 2019

Business <:>
models <:><:>

Use digital technologies to enhance
customer benefits
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Buy and sell Sell to smaller
chemicals customers as well
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Digital Operations @ Covestro
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Digital
Operations

Leverage data and break the data silos to
improve safety and increase efficiency

Visualize,
@ analyze &
Collectand  predict
structure
production

Digital
data <:> e
Com-

Global impact on
production, R&D,
commercial and strategic
decision making
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ProDAVis: Process Data Analysis & Visualization

ProDAVis ;°
l Technology Centers
> CAS

Stephan
Schubert

Data Analysis

Philipp
Frenzel

Bharat | ) MSIED
Marwaha 0., i Voelskow

Christian
Redepenning = §{

i Maria Sofia [
*GPCT: Global Process Control Technology Palagonia i)
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ProDAVis Target Setting

Goals

 Enable efficient data analysis in production and
technology centers

v
v

.- - Standardize the way we access and visualize data

NG
....

~+ Capture, share and retain knowledge to face
ongoing generation change

—_+ Enhance collaboration between groups
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Data Analytics Architecture
PREDICT

Advanced forecasts, scenario testing A

ONE-STOP-SHOP VISUALIZATION

ANALYZE | - Self Service Navigation cockpit, standard
Root cause analysis, pattern recognition Analytics P dashboards, asset and process

monitoring

SIMULATE
Anomaly detection based on online simulation

MONITOR Asset and process AF templates
Unit operations, processes, facilities with EF and Notifcations

MOVE & STRUCTURE Regional Pl Archives with Asset
Standard nomenclature Framework

COLLECT :
. Local Pl Archives _ _
Operational data Simulation Data, SAP.
Soft Sensor Data
MEASURE -
. Sensor and Controller Data
Operational data -

0Slsoft
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Data Analytics Architecture Implementation

MOVE & STRUCTURE
Standard nomenclature

COLLECT
Operational data

MEASURE
Operational data

OSlsoft.

PIWorld cotHensurs 2019

Regional Pl Archives with Asset

Local Pl Archives

Sensor and Controller Data

Framework

Simulated Data, SAP,

Soft Sensor Data
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Move & Structure:

» Tag standardization based on 4 level FLoc homenclature:

BTNDDX-V005-KF01-T001/PV

l 14

Process Section

Process Area
Site and Process

 Definition of a tag hierarchy based on FLoc nomenclature

() BTN
E ) DDX
- (9 voot
- () voo3
- () voos
5 Ds21
) FTo4
= ) KFo1
------ () BTNDDX-V005-KF01-FOOL/PV
------ () BTNDDX-V005-KF01-FOO2/PV
------ () BTNDDX-V005-KF01-POOL/PV
------ () BTNDDX-V005-KF01-T001/PV
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Move & Structure:

» Definition of asset hierarchy based on FLoc

BTNDDX-V005-KF01-WA100

l

l As‘s et

Process Section

Process Area

Site and Process

» Elements in this hierarchy are based on

templates

- Examples of typical templates include

Pumps, HEX, Distillation Columns, Reactors, etc.

OSlsoft

File Search r\fsew j Go Tools Help
@ Database [ QueryDate + © @ D Back () |H, Checkin %) v &) Refresh

v

Elements BTNDDX-V005-KF01-WA100
& BTN General | Crid Bements | Atbutes | rorts |
= @ oox Name: BYNOOX-V0O0S-KEO1-WAL00
#- @ voor Descrpton:
- @ voos Tempiate:
- @ Vo005 Categories:
#- @ os2
- @ FTo4

= @ KFo1

— (@ | BTNODX-V005-KF01-KA100
{— (J |BTNDDX-V005-KF01-WA100
BTNDDX-V005-KF01-WA101

o
L £J |8TNDDX-V005-KF01-WA102

PlWorld cothensures 2019
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Move & Structure:

» Definition of internal references among tag and asset hierarchies

v'Tag AF hierarchy v Template attributes v Asset AF hierarchy

Genaral | Child Elements | Atributes | Ports | Analyses | Notification Rules | Version |

& pox = S (9 DDX

) ‘ B Mame Unit Of Measure {83 : ;
'_l,i Vool = Category: 4 User Specified Process Measurements fromFiPoints o™ & _b' Vool
; ¥ Pressure - Steam relpascal o B [F]e- _bl Vo3
l & Pressure -Hot Flud side - Outiet rel. pascal : y
-J' voos =k £ voos
J Vo5 5] &7 Pressure - Hot Fluid side - Tnlet rel. pascal A )
e &7 Pressure - Gas Flow - Volume Meter rel. pascal Lol
4 ps21 &) psz1
: n & Pressure - Cold Fluid side - Outiet relpasscal . o e 9 FT04
J FTo4 ®m | 4 Pressure - Cold Fluid side - Inlet rel. pascal ~ : J
B _bi KF01 S ?E\ <7 Flow Rate - Mass Type - Hot Fluid kilogram per second ~ . EI .... J KF01
) BTNDDX-VO05-KFO1-FOO1/PY == - - &F Flow Rate - Mass Type - Cold Fluid kilogram per second BTNDDX-VOO5-KFO1-KA100
— <% Temperature - Hot Fluid - Outlet kebvin J BTNDDX-Y005-KFE01-WA10D

J BTNDDX_UDDS_KFDI_FDDE‘{W - &% Temperature - Hot Fluid - Inlet kehvin -
7 BTHDDX-VOO5-KFO1-PO01/PY - 8 | & Temperatire com Fiw —okame veer hehin £ BTNDDX-V005-KF01-WA101
_I!i BTNDDX'VDDS'KFUI'TDUL"W’ &F Temperature - Cold Fuid - Inlet kelvin _bi BTHNDDX-VO05-KF01-WAa102

&7 Temperature - Cold Fluid - Outlet kelvin

N

B @
RN

®

¥ Temperature Difference - Hot Fluid - Intlet_min... |delta kelvin

]

<F Temperature Difference - Cold Fluid - Qutiet_mi... |delta kelvin

[}
B B B 8|8

]
2]

< Flow Rate - Volume Type - Hot Fluid cubic meter per se...

“Data Source* Data + Context + Calculations “Data Consumer”
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Data Analytics Architecture Implementation

MONITOR

Unit operations, processes, facilities

Asset and process AF templates

with EF and Notifcations

MOVE & STRUCTURE
Standard nomenclature

COLLECT
Operational data

MEASURE
Operational data

OSlsoft.

PlWorld cothensures 2019

Regional Pl Archives with Asset
Framework

Local Pl Archives

Simulated Data, SAP,
Soft Sensor Data

Sensor and Controller Data

#PIWorld
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Monitor:

|
1 |
1 1
I I v
: : File Search | View | Go Tools Help
1 E | WA101 @ Database [ QueryDate + © @ @ Back () H, Checkin ¥} v [&]Refresh
1 1
1 Eﬂg 1 @ Top Elements BTNDDX-V005-KFO1-WA100
: : ,® e General | Ghad Blemeats | Attributes | ports ||
-~ e 169 poX Name: BYNOOX-VOOS-KFO1-WA100

Q| |||l — >~ -
1 1 L e Y
| [[] ] — _@ - @ Vo3 Tempute:
i 1| — L @ :
: : KA100 il & Fros Extended Properties (0)
I E 2 SEI Find Parents
1
1 Feed _-® — (J) BTNDDX-V005-KF01-KA100
: : . G e —l‘_" BTNDDX-V005-KF01- WAIOO
B o o o e o o o e o o r } _fj BTNDDX-V005-KF01- w;uox

—| Steam WA102 — @ BTNDDX-V005-KFO1-WA102

D —
©-— Bottom
®--® N\ @ ;Ioduct
7
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Monitor:

Measured process variables for WA100:

» Flowrates, Temperatures, Pressures

G%{D

Standardized

Pl AF Template

Calculated KPI’s for WA100:

» Heat transfer coefficient “U”
U =f (AThotv ATcold’ F)

— Adecrease over time indicates fouling

— Actionable information to plan next cleaning activity

— Send notifications via Event Frames, if threshold is reached.

General | Child Elements| Attributes | Ports | Analyses | Notification Rules | Version|

Fiter

‘EI B Mame Unit Of Measure Sk

0]

Category: 4 User Specified Process Measurements from Pi Points

<% Pressure - Steam rel. pascal
<% Pressure - Hot Fluid side - Outlet rel. pascal
&7 Pressure - Hot Fluid side - Inlet rel. pascal

H

5 =

=

B | & Pressure - Gas Flow - Volume Meter rel. pascal

B | ¥ Pressure - Cold Fluid side - Qutlet rel. pascal

B | ¥ Pressure - Cold Fluid side - Inlet rel. pascal

E | & Flow Rate - Mass Type - Hot Fluid kilogram per second
= <7 Flow Rate - Mass Type - Cold Fluid kilogram per second
B | ¥ Temperature - Hot Fluid - Outlet kelvin

B | ¥ Temperature - Hot Fluid - Inlet kelvin

B | & Temperature - Gas Flow - Volume Meter kelvin

B | ¥ Temperature - Cold Fluid - Inlet kelvin

B | ¥ Temperature - Cold Fluid - Qutlet kelvin

B | ¥ Temperature Difference - Hot Fluid - Intlet_min... | delta kelvin

B | & Temperature Difference - Cold Fluid - Outlet_mi... |delta kelvin

EH B | ¥ Flow Rate - Volume Type - Hot Fluid cubic meter per se.
ENE | <F Flow Rate - Volume Type - Cold Fluid cubic meter p

2]

Category: 5 Element Configuration Status

2]

Category: 6 User Specified VTPLAN Results from Pi Points

=2 Category: 7 Calculated Process KPIs
B | =] U - Heat Transfer Coeffident Watt per square m...
B | [=] Pressure - Difference - Hot Inlet_minus_Outiet  rel. pascal

B | [=] Pressure - Difference - Cold Inlet_minus_Outiet | rel. pascal

7 osisoft
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Data Analytics Architecture Implementation

SIMULATE

. o . Simulation Integration
Anomaly detection based on online simulation

MONITOR Asset and process AF templates
Unit operations, processes, facilities with EF and Notifcations
MOVE & STRUCTURE Reqgional Pl Archives with Asset
Standard nomenclature Framework

COLLECT

: Local Pl Archives :
Operational data Simulated Data, SAP,

Soft Sensor Data

MEASURE
Operational data

0Slsoft.
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Simulate:

v" Real Plant

WA101
Top
@ product
Reflux -
—] KA100
S0 9
[— T
— WA102
yd 2
©- = Bottom
®- v T)duct

v" Online Model

Pl Regional
Server with AF

v' Integration in PI Vision

O P vision

Asset: | Stage_1+ V¥

KA100

Measurements

7 OSlsoft
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Simulate:

&

Simulation vs Measurements

Asset

OSlsoft

PlWorld cothensurs 201

A Simulation Vanable

AD261
FO111
F4001
F4002
F4021
F4030
F4112
F4130
F4301
F4331
F6001
F6002
P0161
P0212
P0261
P4021
P4111
P4301
P6001
P6002
P8111
RM100
T0111
T0162

131A0261
C31F0111
C31F4001
C31F4002
C31F4021
HO1
C31F4112
HO2
C31F4301
HOS
C31F6001
131F6002
C31P0161
C31P0212
C31P0261
C31P4021
C31P4111
C31P4301
C31P6001
C31P6002
C31P8111
C31RM1t
C31T0111
C3170162

Vanable Type

Output

Input

Input
Output
Output
Output

Input
Output
Output
Output
Output
Output

Input
Output

Input
Output
Output

Input
Output
Output
Output
Output
Output
Output

_Measurement
Calc Failed
0,25
14,05
85,00
80,84
Calc Failed
3.235,51
Calc Failed
13.536,88
24,04
74,92
364,97
1,65
Calc Failed
Calc Failed
2,91
1,62
1,63
3,31
5,33
1,61
No Data
293,80
311,26

_Simulated Variable

45,00
0,25
14,05
81,54
190,32
212,19
3.753,38
16,58
17.752,60
60,32
74,76
361,40
1,65
1,60
1,60
1,66
1,60
1,63
5,60
570
1,59
4,00
307,56
307,56

Unit

Absolute Error
No Data
0,00
0,00
3,46
109,48
No Data
517,87
No Data
4.215,71
36,27
0,16
3,57
0,00

No Data
No Data
1,25
0,02
0,00
2,29
0,37
0,02
4,00
13,76
3,70

Matrix View

Relative Error

022 %
0,98 %
0,01 %

#PIWorld




Data Analytics Architecture Implementation

ANALYZE Self Service
Root cause analysis, basic forecasts Analytics

SIMULATE
Anomaly detection based on online simulation

Simulation Integration

MONITOR Asset and process AF templates
Unit operations, processes, facilities with EF and Notifcations
MOVE & STRUCTURE Reqgional Pl Archives with Asset
Standard nomenclature Framework

COLLECT

: Local Pl Archives :
Operational data Simulated Data, SAP,

Soft Sensor Data
MEASURE

Operational data

OSlsoft

Sensor and Controller Data

PlWorld cothensures 2019 #PIWorld
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Analyze:

@ New Display | m | Apcvar | @

Asset: | CA10 ¥ « Ad Hoc Display [ v

Breakthrough 1 WAA481
0.0 ppm

0 510152025303540 50

Breakthrough 2
[

repe e 05.00.2018 122237 05.00.2018 19.22:37 0 510152025303540 50

05.00.2018 12:22:37 7h  05.00.2018 19:22:37

F"nr;wry t
! - :

05.00.2018 12:22:37 7h  05.00.2018 19:22:37 05.00.2018 12:22:37 05.00.2018 19:22:37

1.400
4200

60 000
1.000 | 4c
ROl ts00 s
Primary 2 Looo [
t400 !
200 10,000

05.00.2018 122237 7h  05.00.2018 19:22:37 05.00.2018 12:22:37 7n  05.00.2018 19:22:37 ORI AT Th AL iR TEaT

Integration with

self-service ) SmmmmGExternal Analysis | SEEQ TrendMiner
analytics tools

7 OSlsoft
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Analyze: () TrendMiner

Pattern recognition and notification on flooding in a column

Q) TrendHub Home Work organizer CVIFZ

@ New similarity search

Query tags:
Q

Query time period

Minimum score: 88

Results (5)

88% Jul 11,2017 - 13:20:53
Oct 17, 2017 - 02:16:53

May 13, 2019 - 01:16:...

T T
1230 12:45

' : ;
30 S £ 5
Wl b ATV NN M = MY T | AT TN Le A T Lol A vt ded TT 11T
% Mar 15,2019 - 18:00.. ik A TP e 0 e 'f I ;\,‘_"’.M!Y'“J‘L' el |l b °

T T

% Nov 22, 2016 - 00:20...
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Analyze:

Catalyst activity indicated by T-profile over bed reactor
Seeq

19 Connected

£ Data & Tools & Journal =] % = {154

Catalyst Activity Analysis

e I

One'Asis  Spresd

Getlink @ Bam =
| - [ Q 2

Labels  Dimming Annotate

|- “Ou"vww .

Chained e )
T.profile BTN ¥ Value Search

cALL Search for periods within signals that exceed =
- specified thresholds, match digital states and meet
other criteria.

RA Periodic Condition
Create a condition of periodic intervals such as

atter hours, days, weeks, and months.

T-profile BTN

CA111 -
‘ 2 custom Condition

Create a condition from existing capsules and
dates/time ranges.

@ composite Condition
Temperatu Use simple logic to find periods where two
in the reactor . v & 8/2/2012 3:14 PMCEST

Derived Data " I

(Lane 1)

(Lane 2)

M4 siyears p BN B

6/8/2019 6:33 PM CEST

20 YearlySSCapsules
M, deltaFirstTemperatures E
22 & ThAtStartSSWindowl
20 & steadyStateQperationFlowWindowl
| operationLowFlowSTD
M, [l dailyStandardDeviationMassF
M, temperatureProfile SR
M, [ T1duringss
s steadyStateOperationFlowWindoy
20 & operationLowFlowSTD b =l s
M, lu dailyStandardDeviationM L = =
M, [ T3duringss = - -
m

1 &/o2012
| Details

Final Report v -

jdth % Lane * Axis

| [= s [=

[+ &
[=

-1

[= e
L[zl @
N

R21.0.41.00-v201904102138

60.90766¢

60.90766¢

60.90766¢

3.002443;

Align = Show Auto Axis Min # Axis Max

7517737

1

75.17737¢

75.17737¢

7.898456¢

6/8/2019
W

¢ B a Start * interceptRegression = sl jone B B B B

B Jan 27,2013 7:00 AM

8 [ Jan31,20157:00AM

Bl Sep 18,2016 7:00 AM

Bl Jun17,2018 T:00AM

Server load: [Z3

OSlsoft

PlWorld cothensures 2019
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Data Analytics Architecture Implementation

PREDICT
Advanced forecasts, scenario testing

ANALYZE Self Service
Root cause analysis, basic forecasts Analytics
SIMULATE

Simulation Integration

Anomaly detection based on online simulation

MONITOR Asset and process AF templates
Unit operations, processes, facilities with EF and Notifcations
MOVE & STRUCTURE Reqgional Pl Archives with Asset
Standard nomenclature Framework

COLLECT

: Local Pl Archives .
Operational data Simulated data, SAP,

Soft sensor data

MEASURE
Operational data

0Slsoft.
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Predict:

fero
labs

v'Root cause analysis

<2 ANALYSIS 1

) (3} 58201 3U138_FEROLASDATA_ANALYSISLUCI ALL S

(©) sormsemonawesnn () 2 Jrv——

() verosars (©) e an o ez ome 96
)

REVISE ANALYSIS

Accuracy Factor Study Root Cause Explorer Prediction Simulator Actions

v'Multivariate forecasting

¢ ANALYSIS 1

(&) womamon

=y
(2) s 208 z300m () ws0.20m 835 0m

Stabilty Forecast

T} AK_2018_3UL30_FEROLARDATA_ANALYSIS_UC2_ALL_US-

Loap nEvIsion
67

v'Scenario testing

¢ ANALYSIS 1

(%) vero-oare
=
(B) annzmmzmem

30130, 2018, 835 9w

Scenario Simulatar

(3) AKIO_IUL30_FEROLASDATA ANALTSISLUCEALL LS

67
Revise asseT ~ )

Scenario Simulator Factor Study Actions Stability Forecast Factor Study Aetiens
! RELATIVE FACTOR IMPORTANCE REDORT
New process romecasmar !
. ) . parameter ! Tris assat i, on average, changing by -0.0757 every 1 day.
- Fast fouling Slow fouling Fast foulin i '
W ! The reatve importance of 12 mawn bt
M 1
3 . Yo i m
E B . | i
E n . . | :
i ' | =
B . ! - s w . e
R Y \ :
i
. N\ \_/\ \/- scoamo smisTon
) i
Downtime “ i 28
TomaL o aepserakcE sEmRT , 3 | ) ’\4“_,,\\_\(‘}\\ .
The factors g "m\:;:;mm’\ - - The g md:m o . A \ Vae N -
Piesse , - # \,
- - 15 r
oo s Gt s
- § aw A OiMay 02Msy  03May OiMay  OSMey OSMay  O7May  08May O3Moy  10May
- o
=
as
o
:
= — 0
v
:& Factors Importance Report
;- a
=
29 Apr 30 Apr 0iMay 02May 03May O4May O5May O06May O7May O08May 09May 10 May
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Data Analytics Architecture Implementation

PREDITC
Advanced forecasts, scenario testing =l

ONE-STOP-SHOP VISUALIZATION

ANALYZE _ _ Self Service Navigation cockpit, standard
Root cause analysis, basic forecasts Analytics dashboards, asset and process

monitoring

SIMULATE

. o _ Simulation Integration
Anomaly detection based on online simulation

MONITOR Asset and process AF templates
Unit operations, processes, facilities with EF and Notifcations
MOVE & STRUCTURE Reqgional Pl Archives with Asset
Standard nomenclature Framework

COLLECT L | Pl Archi
: oca rchives .
Operational data Simulated Data, SAP,

Soft Sensor Data

MEASURE
Operational data

0Slsoft
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One-Stop-Shop Visualization:

2k M (]

Asset View Hierarchy View

7] OSlsoft
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One-Stop-Shop Visualization:
v Asset View v’ Hierarchy View

Covestro Sites

7 OSlsoft
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One-Stop-Shop Visualization:

Column_Dynamic (read-only) Asset

-KB555 Maintenance Control

Constraints:: Missing several £ed and product mass fow measurements

1 KPI Trends___

MA
N

W‘%’W' W"’W'"M"x "‘W"\wy'v,' b | “ ’
! X
: wiil!
J No Data
My

Calc Failed

No Data
~
7

No Data

operation J No Data

More

v BB U R,

Hiccups

L : v S More

Profiles Troubleshoa«ana
Temperature Pressure Foulin{ viass Balance Check

7 oslsoft
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One-Stop-Shop Visualization:

-KB555 &looding Troubleshooting

-15,000

AL R
n ‘*..MH'L""W M}‘ " 5
het™

Hiccups
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One-Stop-Shop Visualization:

P T

-KB555 | Flooding Troublesh~ Steam stopped

[25,000

22500

F20000—G

W ’.'.‘:)’-"'-- SR A M h BB b i s 8 28 VTR, R Tha

Inflow
17500

reduced \
15,000 Steady-state . ¢ '

12500

-10,000

7500

5,000

2500 Pressure drop
increase

0
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Summary

v Challenges v Solution v’ Benefits
= Difficult access to data = Regional AF-based data = Efficient data access
analytics architecture
= |Island solutions = Knowledge sharing
= Seamless integration of and collaboration synergies
» Inefficient data self-service and Al tools
visualization =  Dynamic visualization
=  One-stop-shop
visualization platform

‘ By exploiting the Pl System, we managed to create a scalable data analytics platform that allows our process experts to visualize , ,
and analyze process data in a standardized and efficient fashion. Not only have we made it easier for them to turn data into

valuable insights, we also have laid a robust basis for continuously harvesting from digital opportunities.

Jane Arnold, Head of Global Process Control Technology Covestro

7 osisoft
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Conclusions:

Large number of different assets
» Start with the most critical and common assets

High variability within asset types
> Build general templates depicting the most important asset characteristics
> Build Vision dashboards that can automatically adapt to different asset configurations

Missing instrumentation
» Use simulation and soft sensors as possible alternatives

Deployment
» Use external software to partially automate the deployment process

Resistance to digital transformation
> Involve stakeholders from the very beginning. Listen to their pain points
» Show simple but concrete use cases and their added value
» Continuous dissemination work to bring data analytics possibilities to many users as possible

OSlsoft

PlWorld cothensures 2019 #PIWorld

©2019 OSlsoft, LLC
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Questions?

Please walt for

the microphone &

State your
name & company

“) OSsisoft
i&" PlWorld cothensures 2019

Please remember to...

Complete Survey!

Navigate to this session in
mobile agenda for survey

=—
TO DOWNLOAD &

APP, SEARCH
OSISOFT

PIWorld

£ Download on the ETITON
@& AppStore P> Google Play
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